It is shown that howardites fit extraordinary well into a binary mixing diagram for both their major and trace element compositions. Eucrites and diogenites would be suitable endmembers. In the mixing diagram computed from the elemental compositions of howardites, we find at a certain position a composition with very special features. This composition designated PR* contains all refractory incompatible elements in almost C 1, i.e. primitive, abundances. If 43% olivine is added to PR* in order to match the C 1 value for the Mg/Si ratio, a composition is obtained which has almost exact C 1 abundance values for all lithophile elements of non-volatile character. Because of its probable genetic relation we have used an olivine composition equal to that of pallasites. An eucrite parent body (EPB) with eucrites, diogenites and pallasites as the major building blocks has been previously suggested by various authors.
Introduction
The parent body of eucrites (i.e. basaltic achondrites, a rare class of differentiated meteorites) is besides Earth and Moon the third planetary object from which we have basaltic rocks for laboratory investigations. The unique shape of the reflectance spectrum obtained for asteroid number 4, Vesta, is very similar to what one finds in laboratory experiments for the basaltic achondrites [1, 2] . So far, Vesta seems to be the only asteroid with such a surface composition. Of course, there could be smaller asteroids with similar reflectance spectra. In any case, Vesta having a radius of about 270 km represents the largest possible eucrite parent body (EPB). Basalt genesis on such a small object with its low gravity is of special interest. Inside the Earth we have to deal with pressures up to megabars compared to only kilobars in the case of Vesta. In addition, the bulk chemical composition of such a small object yields important constraints on the processes which lead to the formation of planets.
In an earlier paper [3] on the composition of the EPB, we have used an evolutionary model, very similar to that outlined by Mason [4] . Since the Reprint requests to Prof. H. Wänke, Max-PIanck-Institut für Chemie, Saarstr. 23, D-6500 Mainz.
variations of the compositions of howardites are sufficiently large, we were able to set up a mixing diagram with howardites alone without making any assumptions of the endmembers. Eucrites and diogenites would compositionally be suitable endmembers. Jerome and Goles [5] and McCarthy et al. [6] have previously proposed that howardites are mechanical mixtures of eucrites and diogenites.
In the meantime more analytical data on the chemistry of howardites have been obtained by our group as well as by other authors, including a great number of data on trace elements. In the following we will report on a second iteration of our mixing computation. Furthermore, a better defined olivine phase will be used in order to improve the estimation of the bulk chemistry of the EPB.
Mixing Computation
The data used for the computation of our mixing diagram are listed in Table 1 . In addition to the major elements Si, AI, Ca, Mg, and Fe, the compatible trace element Sc was used to set up the mixing diagram given in Figure 1 . As in the previous paper [3] , we only assume that the howardites are two component mixtures at least for the six elements in question. Both the element lines as well as the 0340-4811 I 80 / 220-0230 $ 01.00/0. -Please order a reprint rather than mak ing your own copy. Table 1 . Results (weight fractions) of the mixing computation. M = concentrations measured in howardites. C = concentrations calculated. All analytical data from this laboratory [7 -10] , except those for Zmenj, which are taken from McCarthy et al. [6] M  3855  4600  5950  5050  5500  6970  7940  ppm C  3848  4627  5256  5414  5967  7320  7432  Mn  M  4060  4030  4200  4240  4050  4050  4340  ppm C  4071  4099  4122  4128  4149  4198 The only exception was the meteorite Binda, which gave a reasonable fit for the major elements, but showed large deviations for many trace elements.
Hence, we have discarded Binda from the mixing computation. However, we will return to this meteorite later on. observations were made by Reid [12] , Bunch [13] ,
Simpson [14] , and Dymek et al [15] . Göpel and
Wänke [16] also found pyroxenes in the howardite Kapoeta, which are somewhat richer in Mg than those known from diogenites.
Bulk Chemistry of the EPB a) Major Elements and Scandium
For a certain binary composition (designated as Pr* in Fig. 2 ), the mixing diagram yields a composition with unfractionated relative abundances of refractory lithophile elements. Elements such as Al, Ca, Ti, Sc, REE, Sr, Ba, Zr, Hf, etc. with highly different geochemical behaviour occur in about the same ratios as in unfractionated primitive matter (carbonaceous chondrites type 1, Cl). Chondritic abundance ratios of these and other elements at one binary composition cannot be fortuitous [9] . This fact underlines the significance of the composition PR* for the bulk composition of the EPB.
There is considerable evidence that the refractory elements did not fractionate from each other during condensation. In planetary objects they should therefore be present in C 1 abundance ratios [17 -20] . As noted previously [3] , the fact that PR* contains all refractory elements in C 1 abundance ratios indicates that besides eucrites and diogenites no other phases contribute significantly to the abundances of these elements on the EPB. As many of the refractory elements are highly incompatible elements this should also be true for non-refractory incompatible elements like K, Rb, etc.
The Mg/Si ratio of PR* is 0.48, i. e. considerably below the Cl value of 0.88 [21] . The only major phase Avhich has a higher Mg/Si ratio than C 1, but leaves most of the other element ratios unchanged, is olivine. Only very small amounts of olivine are found in howardites. The calculated normative composition of PR* yields only 3.7% olivine. Obviously, the olivine layers were not involved in the brecciation process which produced the howardites.
From data on chondritic meteorites Ave know that the Mg/Si ratio is somewhat variable. It is, hoAvever, less variable than the Al/Si ratio. Hence, Ave assume for the moment a C 1 Mg/Si ratio for the bulk composition of the EPB. We, then, calculate that an amount of 43% olivine has to be added to PR* to find the bulk composition of the silicate portion of the EPB.
Previously, we assumed the composition of lunar dunite 72417 being representative for the missing olivine phase, because of the chemical similarity of the outer regions of the moon Avith that of the EPB [3] .
Clayton et al. [22, 23] have shown that the pallasites fall on the oxygen isotope fractionation line of the eucrites and diogenites. This observation as Avell as others [24, 25] point toAvards a genetic relation behveen eucrites, diogenites and pallasites. Therefore, Ave have noAv taken the composition of the silicate phase (almost pure olivine) of the pallasite Marjalahti for the calculation of the bulk chemistry of the EPB. Also in our first paper PR* Avas calculated at the position Avhere the Al/Sc ratio matches that of C 1 chondrites. In contrast to the case of lunar dunite 72417, the Al/Sc ratio of the silicate phase of Marjalahti is very different from the C 1 value. Hence, the computation reported here was carried out in such a Avay that for the resulting final bulk composition of the EPB both the Al/Sc as Avell as the Mg/Si ratio match the C 1 values. Because of the IOAV concentrations of both Al and Sc in the silicate phase of Marjalahti [10] , their overall contribution is small as can be seen from Table 2 , in
Avhich we have summarized the final result of these calculations.
b) Trace Elements
In addition to the major elements and Sc, Table 2 also contains data on a large number of trace elements. Their abundances were obtained in the folloAving Avay. Obviously chromite is very inhomogeneously distributed within diogenites and the diogenitic component in howardites must represent a good average of the orthopvroxene layer of the EPB.
In the case of V, the situation is very similar (no A good fit is also found for Na and Ga (Figures 4 a and 5 a) . As one would expect, the data points from eucrites scatter more and more according to the increasing incompatible character of the elements considered. Europium, which due to the low oxygen fugacity [26, 27] of eucrites is mainly present in the 2 + state, shows little scatter and a still excellent fit is obtained (Figure 6 a) . The scatter becomes larger for Yb (Fig. 6 b) , Ti and Zr (Figs. because of their considerably siderophile character they are markedly depleted in the silicate portion of Earth, Moon and also EPB [28] . While W is like the other highly incompatible elements almost absent in diogenites, P is found in diogenites in significant, although highly variable concentrations. As indicated by the element line based on howardites, the Mgrich component of the howardites must contain appreciable amounts of P, too (Figure 9 b ).
For the elements K, Cl, Br, Zn, Ni, and Co element lines cannot reasonably be drawn using the concentrations observed in howardites. Different reasons are responsible for this observation.
Potassium is of highly incompatible character and is furthermore moderately volatile. Hence, large fractionations for this element are to be expected. In the case of siderophile elements like Ni and Co as well as of highly volatile elements like Cl, Br, and perhaps also Zn, the howardites are not pure two component mixtures. For these elements at least one additional component is of importance. Chou et al. [29] attribute the excess of siderophile elements to the admixture of a chondritic component, compositionally similar to CM-chondrites. Halogen data on howardites from literature show considerable variations. We have found similar variations in our recent study, the result of which is summarized in Table 3 . We have discarded all data given in parentheses as we suspect contamination, especially in the case of chlorine. However, the high Br value for Malvern and to lesser extent that of Kapoeta cannot easily be explained by contamination. Hence, excess amounts up to 100 ppb Br [32] 15 ppm F, 17 ppm Cl, and 30 ppb Br. Since the original sample also had 0.29% H20, contamination by serpentinisation is obvious. Not having reliable data we have assumed for the estimation of the bulk composition of EPB the olivine phase to have zero concentrations of F, Cl, and Br. 
The Anomalous Eucrites Moore County, Serra de Mage and Binda
Contrary to other eucrites a cumulate origin has been suggested for Moore County [33] and Serra de Mage [34] , which was confirmed by the study of Stolper [26] , who also proposed a cumulate origin of Binda. According to their major element chemistry, Moore County and Serra de Mage are similar to the more common eucrites. Binda falls compositionally in the field of howardites. In Fig. 2 , the data points of these three achondrites (half filled circles) fall very close to the element lines defined by the howardites. However, large deviations are observed for most of the trace elements, especially those with incompatible character. Binda is excep- 
Discussion
The major element composition of the EPB as obtained from this work is listed in Table 4 together with the estimates from other authors.
It is obvious that the various estimates for major elements generally do not differ much from each other. This is a striking observation, considering the highly different methods of these estimates. However, all compositions based on the petrology of the EPB as outlined by Stolper [26] give a considerably higher FeO content compared to ours. We have previously argued [3] that FeO concentrations in the order of 27%, which correspond to an abundance et al.
• The Bulk Composition of the Eucrite Parent Asteroid 212 However, contrary to H-group chondrites which are slightly depleted in refractory elements our estimate yields no depletion for the EPB relative to Cl abundances (see Table 2 , column 6). In fact,
we find for Al and Ca abundance values very close to 1. Thus the assumption of the Cl Mg/Si ratio used for the estimation of the contribution of the olivine phase to the bulk chemistry of EPB has been well substantiated.
Most estimates suggest that the moderately volatile elements Na and K are considerably depleted relative to C 1 abundances. The absolute values vary, however, by about a factor of 2. For Mn the low value given by Morgan et al. [38] is completely unreasonable as it would correspond to a FeO/MnO ratio of 1480.
For all other trace elements no comparison is possible as literature data do not exist. From our data given in Table 2 , column 6, we note that the mean abundance of the 10 refractory trace elements is 1.2, i. e. would be slightly higher than that of Al, Ca, and Ti. However, we notice that among the refractory trace elements those with incompatible character are responsible for the higher mean value. Hence, we might suspect an artifact for those elements. The abundances of more compatible trace elements Sc and Sr are within the range of that of AI, Ca, and Ti.
If we compare the bulk chemistry of the EPB with that of the Earth and Moon; we will note a number of interesting similarities as well as striking differences (Table 5 ). Normalized to Si and C 1, we find no drastic differences in the major element composition. The data for the Earth are estimated from concentrations observed in upper mantle derived rocks [41] . Thus, the FeO value of the Earth could be too low because of an increase of the FeO content in the Earth's mantle with depth. Neglecting FeO, the major element chemistry of the silicate portion of these three objects are identical within a range of 50%, i. e. all three objects have an almost chondritic composition. Moon and Earth are slightly more enriched in refractory elements.
Among the minor and trace elements Na and K are depleted on Earth, Moon and EPB. However, the depletion of Moon and EPB for these elements exceeds that of the Earth by about a factor of 5. To the contrary, Mn seems to be even slightly more depleted on Earth compared to the Moon, but not depleted at all in EPB. Hence, we conclude that volatility is not the reason for depletion of Mn on Earth and Moon.
As it can be seen from Table 5 , Cr similar to Mn is depleted on Earth and Moon, but not on EPB. The same behaviour is found for V. The observed a In the case of Cl and Br the amounts estimated to be contained in the Earth's crust were added to that observed in the mantle derived rocks [61] . The data for the Moon given by Wänke et al. [8, 40] have been recalculated using for the Mg/Si ratio a value of 0.88 instead of 0.91. This yielded a lower value for the olivine phase (28% instead of 31%).
concentrations in the Ca, Al-rieh inclusions of the Allende meteorite (high temperature condensates [42] [43] [44] ), indicate the refractory tendency of V [14] . As Earth and Moon seem to be slightly enriched in refractory elements, relative to the other refractory elements, the depletion of V for Earth and Moon is even more pronounced ( Figure 13 ). Let us now investigate the possible reasons which could account for the depletion of Mn, Cr, and V in the Earth's mantle. Ringwood [45] has recently suggested the presence of considerable amounts of FeO dissolved in the Earth's core, due to high pressures and temperatures. One might speculate about a similar behaviour of the oxides of Mn, Cr, and V.
Mn
Na Ni has been observed in enstatite chondrites, too [52, 53] . In this case the light element required to be present in the whole core to reduce its density must be Si, perhaps together with sulfur. The presence of metallic Si in the Earth's core was suggested even more than 20 years ago [54, 55] .
In the heterogeneous accretion model discussed here the accumulation of the Earth began with highly A further important result are the low concentrations of oxidized Ni and Co in the silicate phase of the EPB; compared to the high Ni and Co contents of the Earth's mantle. Delano and Ringwood [58] and Wänke et al. [40, 59] have recently collected evidence for Ni and Co concentrations in the primary matter of the Moon at a level similar to that in the Earth's mantle. However, this point has been heavily disputed by Anders [60] . The low concentrations of
